call type killer whale subunit vocalization Students of animal communication face significant challenges when deciding how to categorize calls into subunits, calls and call series. Here, we use algorithms designed to parse human speech to test different approaches for categorizing calls of killer whales. Killer whale vocalizations have traditionally been categorized by humans into discrete call types. These calls often contain internal spectral shifts, periods of silence and synchronously produced low-and high-frequency components, suggesting that they may be composed of subunits. We describe and compare three different approaches for modelling Norwegian killer whale calls. The first method considered the whole call as the basic unit of analysis. Inspired by human speech-processing techniques, the second and third methods represented the calls in terms of subunits. Subunits may provide a more parsimonious approach to modelling the vocal stream of Norwegian killer whale calls since (1) there were fewer subunits than call types and (2) nearly 75% of all call types shared at least one subunit. We show that contour traces from stereotyped Norwegian killer whale calls yielded similar automatic classification performance using either whole calls or subunits. We also demonstrate that subunits derived from Norwegian stereotyped calls were detected in some Norwegian variable (nonstereotyped) calls as well as the stereotyped calls of other killer whale populations. Further work is required to test whether killer whales use subunits to generate and categorize their vocal repertoire.
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An important question in animal behaviour and communication concerns how the brain encodes and decodes a sequence of acoustic signals. Most studies of animal communication categorize vocalizations in terms of complete calls. An alternative view hypothesizes that many vocalizations may be made up of smaller subunits. The vocal production system might generate complete vocalizations by sequencing these subunits (Fee et al. 2004; Glaze & Troyer 2006 , 2007 . The auditory system may parse the acoustic stream into subunits, which are then combined to yield categorization of complete calls. For example, humans first process speech into subunits called phonemes, which are then combined into meaningful words. Songbirds may similarly construct songs from subunits called syllables, which are thought to be the basic unit of song production (Glaze & Troyer 2006 , 2007 . Humans and songbirds can recombine a small number of subunits to form a large number of signals.
Vocal production learning is the process by which vocal signals are modified by experience with the signals of other individuals (Janik & Slater 1997 , 2000 . There is evidence for vocal production learning in humans and in many species of songbirds and certain species of cetaceans (reviewed in: Janik & Slater 1997 , 2000 . For species capable of vocal learning, neural mechanisms for learning subunits and sequences of those subunits may enable production of novel calls. Zebra finches, Taeniopygia guttata, for example, learn serial strings of song syllables and intervening periods of silence from a variety of adult tutors and can then reorder these syllables to produce their own song (Williams & Staples 1992) . In this paper, we investigate whether killer whale calls can be categorized in terms of subunits, and we explore the implications of the subunit level of analysis.
Certain features help define the boundaries of subunits. In birdsong, for example, syllables are generally defined as continuous and discrete elements separated by silence (Lemon & Chatfield 1971; Eales 1985; Eens et al. 1989) . Zebra finches whose songs were experimentally interrupted during a song syllable usually stopped singing at the end of the syllable, suggesting that the syllable was a unit of sound production (Cynx 1990; Franz & Goller 2002 ; also see Riebel & Todt 1997 for a similar result in nightingales, Luscinia megarhynchos). In human speech, positions of 
